A dimeric precursor, [Cu(dmae)(OCOCH 3 )(H 2 O)] 2 for the CVD of copper metal films, (dmaeH = N,Ndimethylaminoethanol) was synthesized by the reaction of copper(II) acetate monohydrate (Cu(OCOCH 3 ) 2 · H 2 O) and dmaeH in toluene. The product was characterized by m.p. determination, elemental analysis and Xray crystallography. Molecular structure of [Cu(dmae)(OCOCH 3 )(H 2 O)] 2 shows that a dimeric unit [Cu(dmae)(OCOCH 3 )(H 2 O)] 2 is linked to another through hydrogen bond and it undergoes facile decomposition at 300 °C to deposit granular copper metal film under nitrogen atmosphere. The decomposition temperature, thermal behaviour, kinetic parameters, evolved gas pattern of the complex, morphology, and the composition of the film were also investigated.
Introduction
Chemical Vapour Deposition (CVD) processes have been used in many fields of industrial activity [1] [2] [3] to deposit films which protect objects from corrosion or abrasion in engineering environments. The industrial fields are diverse and range from gas turbines to nuclear power plants, gas sensors, and catalysts for environmental and industrial utility. [4] [5] [6] [7] [8] Clearly, the production of a thin layer of metal by CVD strongly depends on experimental parameters such as precursor choice, deposition temperature, flow rate which can have significant impact on the grain size, surface area, intergranular coupling and hence ultimate properties of the protective layer. Indeed, CVD has been noted as a potential solution to many of the current problems associated with the formation of protective coating.
We have thus undertaken a study aimed at evaluating the potential of copper metal thin films as protective layers for industrial utility. To date, the majority of the precursors for the CVD of Cu have been driven by applications in the micro electronics industry, 9 and have focused on Cu(I) species such as (hfac)Cu(L) (hfac = hexafluoroacetylacetonate, L = PPh 3 , H 2 C=C(H)SiMe 3 etc), which deposit the metal via a disproportionation process (2Cu I → Cu 0 + Cu II ). These Cu(I) species are, however, of poor thermal stability and have a tendency to incorporate fluorine into the film from decomposition of the hfac ligand. On the other hand, Cu(II) precursors such as Cu(hfac) 2 are generally more stable but require the addition of a reducing agent (e.g. H 2 ) to get good, contaminant-free films. 10 Thin Film Deposition. An Ultrasonic Atomizer (Cole Palmer) fitted with self designed delivery system ( Figure 1 ) was used to generate aerosol and it was sprayed on heated substrate at 300°C. 100 μL solution of [Cu(dmae)-(OCOCH3)(H2O)]2, prepared by dissolving 50mg of complex in 100 ml of dry toluene was continuously injected through a control valve and transferred first from piston pump to an ultrasonic atomizer spray nozzle. The nozzle produced an aerosol in an evacuated quartz chamber. The highly pure nitrogen as carrier gas drew the aerosol to a substrate placed at the bottom of a chamber heated at 300°C producing uniform copper nano layer. The waste gases were evacuated and trapped in a liquid nitrogen trap.
Thermal Decomposition Study. TGA study of the complex [Cu(dmae)(OCOCH3)(H2O)]2 was carried out in the temperature range of 25-350°C with an open 70 µL alumina crucible at a heating rate of 15°C/min under continuous flow (40 mL/min.) of dry nitrogen using Mettler Toledo TGA/SDTA 851 e . The purge gas and the evolved gases from the sample were transferred from the TGA through a transfer line thermostated at 250°C in order to avoid any condensation of evolved gases. FTIR scans of evolved matter were taken at ca. every twenty second at a resolution rate of 4 cm
. Scanning Electron Microscopy and EDAX (JOEL JSM-5910) was used to observe the copper surface morphology, and to measure the average particle size and distribution thereof. The identification of deposited crystalline copper film was characterized by Powder X-ray diffractometer (PAN Analytical X' Pert PRO). X-ray single crystallographic data were collected on a Kappa CCD diffractometer at 150(2)K using Mo-k α radiation (0.71073 
Results and Discussion
Copper(II) acetate monohydrate, Cu(OCOCH3)2·H2O reacts in toluene under reflux condition with N,N-dimethylaminoethanol(dmaeH) in 1 : 1 molar ratio to give [Cu(dmae)(OCOCH3)(H2O)]2 in 80% yield. Dissolution of Cu(OCOCH3)2·H2O in the reaction mixture indicates completion of the reaction, which proceeded according to the following equation.
The molecular structure of [Cu(dmae)(OCOCH3)(H2O)]2 is shown in Figure 2 . Although the lattice can be visualized as being constructed from linking dimers of formula [Cu(dmae)(OCOCH3)(H2O)]2, this belies the complexity of this moiety, as the two metal centers are quite distinct. Cu(1) has a four-coordinated CuO3N coordination sphere comprising one O,N-chelating dmae, one O-bridging dmae and a monodentate acetate group. The geometry is a distorted square plane [<O(1)Cu (1) ] as hydrogen bond receptors. The overall lattice structure generated by the combination of bridging acetate and the network of hydrogen bonds is shown in Figure 3 .
The combination of TGA/DTG and FTIR provides detailed information on decomposition process. Thermogravimetric analysis (TGA) and derivative thermogravimetric (DTG) curves for decomposition of [Cu(dmae)(OCOCH3)-(H2O)]2 are shown in Figure 4 . A three-step pathway for decomposition is observed with gradual loss of water (found 7.94% calc. 7.9%) at a temperature range of 30-134 o C. In the second and third steps a total weight loss of 61.447% is recorded due to elimination of acetate, dimethylethanol amine and N,N-dimethylethanal groups. This observation is in line with the FTIR of evolved gas product taken at various time interval as shown in Figure 5 . The correlation between . The H-O-H bending also gives rise to the absorption at 1717 cm . These bands are overlapped with the evolution of dmae and N,N-dimethylethanal. In addition to CH 3 stretching, deformation absorption peak, linked spectrum c also shown C=O stretching at 1793-1770 cm consists of copper metal free from any contamination but at 300 °C, the complex yields thin film containing a mixture of Cu(0), Cu (I) and Cu (II) oxides produced even under nitrogen environment. Figure 6 shows a scanning electron microscopy image of the deposited copper particles. The measurement from the image indicates that these are nano particulate with sizes ranging from 40 nm to 80 nm. These particles make up a film which appears to be uniform and smooth. EDAX analysis confirms that the film comprises of pure copper nanoparticles. XRD pattern of thin film deposited at 300 o C under nitrogen environment with a collecting angle varying from 15 to 80° and the usual copper Kα1 radiation λ = 1.5406 Å is shown in Figure 7 o and corresponding d values, 2.088, 1.805, and 1.278 Å are used for determining lattice parameter which came to be 3.616, 3.616, and 3.616 Å, respectively using standard formula (Lattice = d h.k.l). The relative peak intensities and the position of diffraction peaks in the XRD pattern are very similar to those reported in the JCPDS standard data 4-0836 and others. 19 The position and the integral width of x-ray diffraction peaks are determined to identify the crystalline phase which is found to be face centered cubic. The particle size as calculated by Scherrer equation Z= Kα. λ/β cosθ; where Z is a particle size, β is the value of ½ FWHM 
Conclusion
The dimeric complex, [Cu(dmae)(OCOCH 3 )(H 2 O)] 2 was prepared by simple synthetic procedure and characterized by physio-chemical methods such as m.p determination, elemental analysis and single crystal x-ray analysis.
Decomposition pattern studies of the complex by TGA-FTIR indicated its decomposition behavior to yield metallic copper as a major residue. Thin film having average size 40-80 nm of copper nanoparticle have been successfully deposited on soda glass substrate by AACVD technique which has been characterized by SEM/EDX and confirmed by XRD. Figure 7 . X-ray diffraction pattern of Cu film deposited on soda glass substrate.
